It is no secret that females engage less in programming fields than males. However, in online communities, such as Stack Overflow, this gender gap is even more extreme: only 5.8% of contributors are female. In this paper, we use a mixedmethods approach to identify contribution barriers females face in online communities. Through 22 semi-structured interviews with a spectrum of female users ranging from noncontributors to a top 100 ranked user of all time, we identified 14 barriers preventing them from contributing to Stack Overflow. We then conducted a survey with 1470 female and male developers to confirm which barriers are gender related or general problems for everyone. Females ranked five barriers significantly higher than males. A few of these include doubts in the level of expertise needed to contribute, feeling overwhelmed when competing with a large number of users, and limited awareness of site features. Still, there were other barriers that equally impacted all Stack Overflow users or affected particular groups, such as industry programmers. Finally, we describe several implications that may encourage increased participation in the Stack Overflow community across genders and other demographics.
INTRODUCTION "Stack Overflow
1 is a programmer's paradise", according to programming blogs and their commentary [1, 2] . Programmers can go to this popular question and answer (Q&A) 1 http://stackoverflow.com Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. Copyrights for components of this work owned by others than ACM must be honored. Abstracting with credit is permitted. To copy otherwise, or republish, to post on servers or to redistribute to lists, requires prior specific permission and/or a fee. Request permissions from permissions@acm.org. site and get quick answers to their questions on a range of topics from how to implement a simple sorting algorithm to settling disputes about mobile application security. Programmers who join the Stack Overflow community cite several benefits, including the ability to learn more about programming while helping others [3] . However, not everyone participates equally on Stack Overflow. A recent survey conducted by the site found that only 5.8% of the site's active contributors identified as a female [3] , which is in contrast with the 20% of Stack Overflow female visitors [4] . Stack Overflow also acknowledges their dissatisfaction with low participation rates, "Our internal stats suggest the imbalance is not quite as severe as the survey results would make it seem, but there's no doubt everyone who codes needs to be more proactive welcoming women into the field" [3] .
Females are virtually absent from online programming communities, even though they comprise about 20% of the software engineering field [5] . For example, David et al. found that females make less than 5% of all open source contributions [6] . There have been several theories to explain these low participation rates. Often females do not feel welcomed in these online communities [7] and overall are unfamiliar with their culture and expectations [8, 9] , hindering their usage. In addition, some females face the challenge of maintaining a family and a work-life balance [10] ; carrying more of the burden than males [11] . Time constraints associated with these social pressures can limit females availability to contribute online. However, excluding females from participating can be harmful, as increasing diversity in teams correlates with increasing team productivity [12] .
What might lead female programmers to not use Stack Overflow? Consider Asha, a programmer persona who uses Stack Overflow, but has never contributed before. She encounters an unfamiliar exception in her code and searches the internet to find a solution. She selects the first hit that shows up: Stack Overflow. Asha then briefly scans the page to compare the question that is posted to the problem she is having. The question appears to be similar to her own so she then continues to the answers section. She first reads the top rated answer and then tries the solution provided. Unfortunately, it does not quite work for her, but with some tweaking she finds out how to resolve her issue with a better solution than the original answer. She goes back to Stack Overflow and wants to post a new answer that would help others, but for some reason unknown to us, something stops her and she never gives her improved answer.
We want to understand what barriers are preventing females, like Asha, from contributing and actively using Stack Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. Copyrights for components of this work owned by others than ACM must be honored. Abstracting with credit is permitted. To copy otherwise, or republish, to post on servers or to redistribute to lists, requires prior specific permission and/or a fee. Request permissions from Permissions@acm.org. Overflow. However, barriers can apply to males as well. There is evidence that the barriers are affecting the longterm viability and health of the Stack Overflow platform. Newcomers face many barriers: 90% of accepted answers provided by new users are self-answers. Higher rates of unanswered question are occurring [13] . The community's growth is limited and controlled by a gamified core of elite users: only 5% of the users answer 60% of the questions [14] . However, even gamified mechanics fail as most users stop doing actions once they earn a badge for doing that action [15] .
To discover what barriers Stack Overflow users encounter, we use a mixed-methods approach. We conducted semistructured interviews with 22 female developers in order to understand what prevents them from actively participating on the site. Our focus was on females because we wanted to understand the obstacles they face and identify possible solutions. We interviewed female developers from a wide range of experience and levels of using Stack Overflow (from lurkers to a top 100 user). From these interviews, we identified 14 barriers based on common experiences of participants. To validate and understand how these barriers might differently affect both female and male users, we sent a survey to software developers, receiving responses from 134 females and 1336 males. From the survey, we identified which barriers females and males face and which ones are gender-specific. To our knowledge, this is the first study of this magnitude to compare female and male barriers encountered in an online programming community.
The main contributions are: (i) 14 barriers arranged in three groups that describe why females do not actively participate on Stack Overflow, (ii) general survey results that explain female and male differences and experience-based factors related to the barriers, and (iii) implications that might help create an environment on Stack Overflow that encourages female activity and contributions.
BACKGROUND & RELATED WORK
Women Who Code. The number of women in computing is low and much research has been proposed to get this number up [16, 17] . With this strong push for female programmers, there are many resources to encourage their retention in computing and have them feel more confident in their abilities. Cuny and Aspray have outlined a list of recommendations as to how keep women in computing including mentorship and broadening institutional culture [16] . Having these recruitment and retention techniques is one way to increase female visibility. Another is having resources females feel comfortable using as they deem necessary [18] . In an effort to relate these disparities, there is research to support the experiences of females in classroom [19, 20] and corporate settings [21] . However, these do not prescribe solutions for online community-based resources.
Persistent problems continue to exist. Margolis and Fisher found that a persistent perception of a geek mythology culture in technology discourages women more than men and promotes expectations of male success and continual questioning of women's abilities [22] . Women start at a disadvantage to their male peers: women who code are nearly twice as likely to have less than 2 years programming experience than their male counterparts [3] . Although their years of experience is low, this value can be interpreted as a small gain for more female interest in programming. Encouraging the few female software engineers we have is important to get them in position to be role models for someone else [16] . Following the example of the aformentioned studies, we propose designs for females to participate more in these communities and take advantage of their piece of "programmer's paradise" [1] . Lurkers and Non-Adopters. Researchers have studied low participation in online communities outside of the technology field [23, 24, 25] . For example, Lampe et al. studied non-adopters of Facebook and found a divide that emerged between light users and heavy users of the community [26] . A common category of light user, colloquially referred to as a lurker, is one who is able to witness the interactions of community but is overall not engaged with a community. Lurkers exist in many types of communities, such as discussion lists [27] , file-sharing tools [28] , and bulletin board systems [29, 30] .
According to Nonnecke et al. [31] people in communities lurk because: (1) there may be a mismatch between expectations from the community and the lurker, (2) lurkers are learning and getting familiar with the community without interjecting, and (3) lurkers already feel like they are members of the community and don't see a value in increasing their presence amongst other contributors. We investigate many of these factors of lurking in our work. Barriers to Online Contribution. Research identifies multiple barriers for contributing to online communities. Online communities, such as open source projects, are prone to conflict [32] , which can be discouraging to users. For new users in an open source programming community, Steinmacher et al. [8] identified social barriers such as documentation issues, technical hurdles, and cultural differences that can hold newcomers back. Ridings et al. found that psychological barriers such as trust in the community can restrict contributions to online as well [33] . In examining barriers in online knowledge sharing, Hew at al. found that a lack of time and comfort with expertise are major obstacles to contribution [34] .
Though these barriers can restrict online activity for some, not all forms of activity are impeded by them. Vasilescu et al. found that males participate longer than females in Stack Overflow activity [35] . Though females posted more questions, both genders received the same amount of answers [4] . The relatively "unhealthy" [4] community that is generated from this activity causes females to disengage sooner than males. In our work, we dive deeper into the online contribution experience to explain why this disengagement occurs.
RESEARCH QUESTIONS
Vasilescu et al.'s study [35] hypothesizes why females do not participate in online communities, such as disgust with sexism and the lack of gender neutral language. In our research, we want to know if females identify with these community and communication barriers or if they are facing other types of barriers. Further, we want to know which barriers may be gender-related, though gender may not be the only influence on barriers. Finally, we want to better understand the relationship of other factors, such as lurking on the site and experience, with the perception of barriers. In summary, the three research questions we want to answer through this study are:
• RQ1 : What barriers do females face on Stack Overflow?
• RQ2 : How do barriers vary by gender? 
METHODOLOGY
This study included two forms of data collection: semistructured interviews with female users, including an interview with a top 100 user of Stack Overflow, and survey responses received from female and male developers. All interview scripts and survey forms are available online.
2 Our overall methology is similar to the work of Begel and Zimmermann [36] .
Interviews
As the objective of this work is to find out what females consider as barriers to participating on Stack Overflow, it makes sense to start by asking females (and not males) about their experiences. We interviewed female developers to understand how they use Stack Overflow. We recruited female developers from a variety of usage levels (no accounts, occasional contributor, and active contributor) and experience levels (students and professionals). In addition, we recruited one of the top ranked active female users. Identifying a female user who is ranked as a top user presents the opportunity to find out what encourages her to use the site and identify strategies to overcome barriers. In interviewing this person, the determining factor that kept her coming back can be compared to those from the general interviews.
Interview Script
To create our interview script, we seeded questions based on potential factors listed in Vasilescu et al.'s work [35] , and from reasons listed in a Stack Exchange post titled "Why do you post to Stack Overflow?". 3 We also asked questions about how developers used various features of the site, potential motivations for contribution, and possible interventions.
Subject areas discussed during the interview include:
• Personal usage of the site • How people communicate on the site • Interests in gamification of the site • Personal incentives to using the site • Response to potential scenarios on the site • Modifications to the site that may increase usage
Distribution
To recruit participants for the usage interviews we sent emails to a "women in computer science" mailing list and recruited females the authors know in computing. The recruitment email asked participants to fill out a preliminary survey asking for their employment status, years of industry experience, whether they used Stack Overflow for programming tasks, and if they had an account on the site. We received 25 responses from the recruitment questionnaire. We required respondents to select a time slot to interview as part of the recruitment questionnaire. We interviewed the 21 participants who attended their scheduled time slot. Interview participants received no compensation for their participation.
We then contacted a high ranked female user on Stack Overflow. This user was ranked in the top 100 users of all time listing. 4 We confirmed the gender of this user with another social networking site linked to her Stack Overflow user page. The 22 participants are shown in Table 1 . The participant demographics consisted of nine professional software developers working in industry, twelve students, and one who identified as both.
Procedure
Prior to beginning each interview, the participant was sent a consent form to remind them that their personal identity will remain anonymous and that audio and notes will be recorded throughout the interview. For consistency, we conducted interviews with the same interviewer for 30 to 45 minutes. We conducted interviews in a private room where the participant had the option of meeting there or on a private video call.
The high ranked user's interview was conducted after the general user interviews. We scheduled an online video for the interview through email correspondence. With the high ranked user, we discussed several themes that arose from the other user interviews and focused on how her experiences compared and contrasted with other users.
Analysis
We first transcribed the audio recordings for each interview. We then performed three phases of analysis on the interview transcripts. In the first, exploratory, phase we jointly identified themes within the transcripts. The themes we identified in this phase of analysis include statements participants made while describing themselves, statements describing a participant's experiences while programming, and statements describing barriers deterring them from using Stack Overflow. For the purposes of this paper, we focus on the latter theme and refer to these statements as barriers.
For the second phase of analysis, we divided all the transcripts divided among three of the authors. Each transcript was examined by two authors. Each author initially coded their assigned transcripts independently, marking statements they identified as barriers. To ensure all the investigators agreed on which statements expressed barriers, we jointly reviewed exemplary statements and revised our codes. In total, we coded 327 statements as barriers.
In our final phase of analysis we grouped together similar statements and labeled each grouping as a distinct barrier. To do so, each author reviewed the barrier statements in their assigned transcripts. Iteratively, whenever an author encountered a barrier statement that did not fit into one of the existing groupings, the other authors reviewed that barrier and created a new label. After completing this process, we filtered out barrier statements that did not meet both of the following criteria.
A barrier was identified if and only if :
• Two investigators independently found that barrier in a transcript.
• At least two participants described that barrier in their interview.
This criteria is consistent with other studies [37] . The 14 resulting barriers are described in Section 5 and summarized in Table 2 .
General Survey
We constructed a survey with the barriers identified from the interview participants.
Design
The survey consisted of questions regarding the ratings for barriers and demographics. We included all 14 barriers with a statement that further described each one in the survey. The survey presented all barriers in a random order. Survey participants were asked to rate on a 5-point Likert scale from strongly agree to strongly disagree how much the barrier stopped them from contributing to Stack Overflow. Participants also had the opportunity to write in a barrier that was not already listed. Demographic questions included participants' level of experience on Stack Overflow. Participants had the option of selecting all that applied of: "Lurker (I use the site to find answers without contributing)", "I have a Stack Overflow account", "I post answers to questions", "I post new questions", and "I vote on responses". Participants also had the opportunity to describe their usage in an open-response. We asked participants to fill in their employment status; multiple answers were allowed. The only required demographic question was gender: Female, Male, or Other where participants could write in their gender.
Distribution
We distributed the survey to the general developer population. We sent targeted emails, posted to programming forums, contacted large corporations, and posted in computer science Facebook groups. Survey participants received no compensation for their participation.
Analysis
We received data from 1470 partcipants: 134 females and 1336 males. With the ratings received for each barrier the data was segmented across different populations (including employment status, and Stack Overflow usage). We used the ratings received to derive the collective ranking of barriers per population.
RESULTING BARRIERS
To answer RQ1, we identified 14 barriers by jointly tagging the transcribed participant interviews. These barriers are described by participants as reasons they did not contribute to the Stack Overflow community. We are not suggesting that only females would be affected by these barriers, or that the barriers are in some direct way about their gender. However, we are suggesting that barriers to participating in the Stack Overflow community do exist. The barriers are grouped into 3 categories: Muddy Lens Perspective, Impersonal Interactions, and On-Ramp Roadblocks. To the right of each barrier name is the number of participants that acknowledged it. Each barrier decribed includes a quote from atleast one corresponding participant's interview. Table 2 summarizes and reports on the number of participants who identified with each barrier.
Muddy Lens Perspective
Interview participants expressed having a "muddy" or unclear interpretation of how Stack Overflow works. This section describes how particular perceptions and expectations (whether justified or not) acted as barriers to contribute.
Awareness of Site Features (11)
Stack Overflow provides many features beyond threads for asking and answering programming questions. For example, users can earn reputation and badges, upvote & downvote answers, post bounties, and personalize their profiles. Many of these features are designed to encourage users to interact with the site.
To understand how participants valued the different features, the interview script included scenarios that asked how a participant would use a feature in a hypothetical situation. For example, we would ask if they might answer more questions if they could gain a badge or edit an incorrect answer. We were surprised that many participants were completely unaware of most of the features we asked about. After learning more about the features, some participants felt more interested in participating in the community. A lack of awareness of potential usage features is a common issue for tools with many features, such as Eclipse [38] . One effective strategy for raising awareness occurs from serendipitous observation of other peers using a new feature [38] . However, for female users there are not many other females or users they can identify with as peers on Stack Overflow. In this case, who will the community recommendations come from?
Nothing Left to Answer (10)
Interview participants expressed interest in contributing to the site, but they had trouble finding questions avail- 
Fear of Contributing to Clutter (9)
Stack Overflow implements mechanisms that discourage users from posting duplicate questions. When a user encounters a question they suspect of being a duplicate, they might typically comment, "This is a duplicate. See the other answer". Participants acknowledged that they do not want to make the site any more confusing for other users by adding to the clutter of duplicates. P20 specifically mentioned this as one of her reasons for not contributing, "I didn't want to add to a bunch of duplicate stuff that wasn't useful... I didn't want to contribute to that issue."
For some participants, this apprehension prevented them from posting at all. These findings support work done by Preece et al. [30] when studying lurker behaviors.
Similarly, clutter also appears on the site in the form of irrelevant conversations. The conversations can be distracting from the final answer and make users dig through the treasures of the site to find the golden answer they are looking for. P12 described her hesitation to add to conversations, "I feel 
Perception of Slacking (4)
Stack Overflow is online all the time; developers can contribute during their free time, or while they are at work. Participants with industry positions expressed a hesitation to contribute to the site while at work. They explained that others perceive posting while on the job as slacking, even though learning and helping others on Stack Overflow might be considered a form of professional development. One professional who described this perception was P21, "I just don ' 
Impersonal Interactions
Interview participants mentioned the lack of personal connections and uncomfortable atmosphere they encountered on Stack Overflow. This sections describes how the impersonal interactions became a barrier for their usage.
Fear of Negative Feedback (18)
When engaging with peers over the internet, there is always the possibility of coming in contact with internet bullies [32] . These people seem to have no filter when responding to posts online. Some participants perceived the blunt responses of these individuals as rude and argumentative. In other online communities, getting acclimated to the culture as a newcomer [8] can be a difficult barrier to overcome. This is especially true when a group of strangers lack diversity and are not open to the opinion of others. In summary, the lack of personal connections on the site can discourage females from engaging.
Intimidating Community Size (9)
The fact that Stack Overflow is such a widely utilized community was stated to be both a benefit and a drawback for participants. The site is large enough that it has a variety of detailed responses. However, the site is so large that it is hard to identify with the entire community. Participants, like P14, acknowledged that if there were sub-communities of people they actually knew within Stack Overflow they would be more comfortable using the site: "I enjoy being part of a community as long as they are kind of small. When it becomes kind of a sea of people [it feels] daunting or intimidating."
Posting is Hard, Friends are Easy (6)
Many participants acknowledged that Stack Overflow was a great tool. However, when it came to the opportunity to post to Stack Overflow, there are other painless options still on the table. Participants navigated a hierarchy of increasingly painful options by first going to a friend for help before even considering the most painful option of posting. The interesting finding in this hierarchy is that though asking a friend is usually a last resort, it is seen as a more viable option than constructing and posting a question on Stack Overflow. P2 explained why she preferred asking friends for help, "I ended up asking other people instead. Other people who could at least explain what is going on."
On-Ramp Roadblocks
In the process of posting to Stack Overflow, participants encountered obstacles that undermined their interest in posting. This section highlights those roadblocks as barriers to usage.
Abstraction Process (20)
Participants had difficulty asking questions about their code on Stack Overflow. There were two basic problems. Legally, software developers cannot post proprietary code, because they may divulge company secrets. Second, even if they could post all their code, the community may not understand it, because it is so specific to their application, or it would be too long or detailed for anyone to understand. As a result, in order for participants to even ask a question, they first needed to strip a question of all proprietary or unnecessary code. Sometimes this process could be tedious and too much of a burden, and for this reason, they avoided posting questions in general. For example, P11 described the difficulties she encountered with the abstraction process, "Here's some code.
You probably can't run it, because there's like 20 dependencies on it, but just look at it for me and tell me what you think I can do different. For general problems, that's one thing. But for more specific problems, it's a little more difficult to use Stack Overflow"

Time Constraints (17)
In addition to getting familiar with the site, participants expressed a lack of time to interact with the site. There is not enough time to devote to voluntary programming contributions on Stack Overflow beyond the work day. Some participants mentioned other hobbies and interests outside of work they feel are more deserving of their free time; programming was not one of them. For instance, P12 preferred to spend her free time on other activities, "Actually, I 
Qualifications (13)
Some interview participants acknowledged they do not feel they have the expertise to post to Stack Overflow. For example, P1 stated, "I don't feel like my expertise [is enough] for me to actually post an answer that would be of any help to anyone else." These participants are not confident in their abilities to interact in the community to help others. In addition, they do not feel like they are qualified to give valuable answers to others. This lack of qualifications and confidence has decreased their interest in contributing.
Onboarding Hoops (9)
When joining a new community there is always a process of establishing norms. As frustrating for users as it may be, it is a right of passage that has to take place [39] . A community may have many unspoken expectations on how members conduct themselves. Some participants acknowledged interests in using the site, but were not clear on how. A recent data mining study by Honsel et al. demonstrates that the new users violate site rules more than old users [40] . Not having the proper guidance has discouraged many participants from actively using Stack Overflow. Some participants, P20 for example, are unclear of the norms and rather than asking forgiveness for violating them, they would rather remain reserved, "
I feel like everyone else already knows what it is. And [I] want to stay away from that extra work to figure out how to use it. Just figuring out what the etiquette is, all the little social things too that are kind of unspoken"
Research Pressure (9)
There is a level of research expected to be done prior to posting a question in the community. During the process of crafting a questions, the user is posed with a list of questions that seem similar to the question that user is constructing. This is the site's way of asking, "Have you done your research?" These pressures are reinforced here where it is common for the user to enforce a culture of doing homework before asking a question. Questioning the abilities of users has discouraged some participants, like P4, from posting questions on the site: "I think there's only one case where I was close to posting a question, but then it said do your research, this question might already be there."
RANKING AND RATING BARRIERS
Although we identified barriers through interviews, we want to identify which barriers can have a strong impact across genders and other groups. By distributing a survey, we can analyze the prevalence of these barriers in a broader population.
The third and fourth authors analyzed the free-form responses from the survey, by independently labeling the response with our 14 barriers or other category. In the analysis, we did not identify a new barrier. With the survey data, we answer our remaining research questions related to the ranking, differences in gender, and influences of other factors on barriers.
Gender Comparison
To answer RQ2, we performed a statistical analysis to identify contribution barriers across genders and understand how the populations differed in their response. We performed a two-tailed Wilcoxon rank-sum test on the ratings given to each barrier to compare populations. Table 3 demonsrates that 5 out of 14 barriers had a statistically significant difference between females and males. To be clear, we are not suggesting that only females are affected by these barriers, or that these barriers are primarily due to gender, but rather that 5 barriers were seen as significantly more problematic by females than by males. The barriers we identified cannot conclusively occur from gender differences alone. All barriers with α = .05; α = .0012 after Bonferroni correction [41] have been highlighted in green in table 3. This correction was derived by dividing the original alpha value of .05 by the 3 comparisons conducted on each of the 14 barriers. The three comparisons included gender, usage status, and employment status. In table 3, 5 is used to indicate strongly agree and 1 for strongly disagree. The columns labled F and M indicate the mode/median for females and males respectively. For example a value of 3.5 indicates a response between neutral and agree. The column labeled ES indicates the effect size which was calculated by taking the absolute value of subtracting the mean of the male distribution from the female distribution. The last column indicates the likert distribution for females from strongly agree to strongly disagree. The table is order from greatest to least agreement(combining strongly agree and agree ratings) for females. A diverging stacked bar chart comparing the distribution of barriers for females and males is also available online. 
Other Factors
We understand that confounding factors, other than gender, may also affect Stack Overflow participation. For example, online interactions and programming experience could play a role. To answer RQ3, we review a few of these factors using a statistical analysis to compare how barrier ratings varied across Stack Overflow usage and employment status.
Usage Status
This analysis compared the participants who reported having a Stack Overflow account (n=1003) to those who did not (n=467). We observed statistically significant differences (Wilcoxon rank-sum test with Bonferroni correction α = .0012) between account holders and non-account holders ratings of seven barriers. In all seven cases, non-account holders were more likely to identify with a barrier. Specifically, non-account holders were more likely to identify with the following barriers (listed in order of smallest p-value to greatest): Awareness of Features; Stranger Discomfort; Intimidating Community Size; Fear of Contributing to the Clutter; Posting is Hard, Friends are Easy; Qualifications; and Onboarding Hoops. These barriers suggest places where effort can be focused to encourage lurkers to jon.
Employment Status
We also compared survey responses from those who identified as full time developers (n = 1003) to those who did not identify as such (n = 467). We observed statistically significant differences (Wilcoxon rank-sum test with Bonferroni correction α = .0012) between full time developer and nonfull time developer ratings of two barriers. We found that fulltime developers were more likely to identify with Time Constraints. On the other hand, the non-full time developer group were more likely to identify with Qualifications.
DISCUSSION & FINDINGS
This section outlines observations and interventions for making Stack Overflow a more inclusive resources for females, as well as the entire development community. We are not suggesting that these experiences are unique to females, but have been outlined from their perspective and can help define a direction for the community.
The Female Experience
Receiving and Giving Criticism
The design and community of Stack Overflow fosters a culture of criticism, which limits who is willing to contribute. The criticism does not always come from other users, but can arise in the design of the site imposing undesired criticism on user actions. For example, the process of writing a new question to Stack Overflow invokes the barrier of Research Pressure, by the site prompting the user to make sure they aren't posting a duplicate question and to first check if their answers have been already been posted. This is reinforced by users on the site, who may criticize the question for being a duplicate of another (whether justified or not). Even males rated Research Pressure, which characterizes the barriers presented when they want to post a question, as their highest ranked barrier.
Female users pointed out during interviews that they were reluctant to offer criticism, even when the interaction was indirect. For example, when participants were asked whether or not they would critique or edit an incorrect response posted on the site by another user, many were reluctant to do so because too many critiques already exist on the site. Others pointed out there were plenty of other users that can make the edit -an online version of the bystander effect.
Finally, a sense of dissatisfaction with the culture of criticism on the site strongly resonated with interviewees and survey respondents. This is mostly reflected by Fear of Negative Feedback: out of the 22 participants interviewed, 18 identified with this barrier as shown in Table 2 . One participant spoke on being prepared to receive this negative feedback: "If you know you're going to be questioned when you are right and wrong, you are going to make sure that you are 100% right. [If] you gonna question me, I'm going to be ready!". This comment references the combative type of dialogue that exists on the site. Even if males are not directly negatively criticizing females, seeing them do it to other males creates an unwelcoming atmosphere, as participants stated in interviews and we observed in survey responses. Overall, unwanted criticism can be demeaning and discouraging to those who have finally mustered up enough courage to engage with the community. Observation 1 -The design and community of Stack Overflow fosters a culture of criticism, which limits who is willing to contribute.
Qualified Personnel
According to interview responses, Qualifications ranked fourth for the most common barriers that arose. In short, even in the interviews with active contributors, there is still a concern of not being qualified enough to actively contribute to the site. From this study, we found a perception perpetuated through participants regarding the accomplishments and prior knowledge that users should have before contributing. One participant said, "...you need to know more than you NEED to know to use Stack Overflow.". These selfdoubts as identified in the interviews have prevented participants from answering questions.
Participants also expressed how they have attempted and are interested in contributing, but have not found an opportunity to post on the site. One participant during the interview mentioned, "all the questions are super hard and all the easy questions have been answered". Participants are under the interpretation that there is Nothing Left to Answer on the site that they could add value to. Observation 2 -Participants want to help but do not feel like they can based on difficulty in finding opportunities to post.
The Language Divide
There are two facets of language that occur on Stack Overflow that divide the community. One facet of language on Stack Overflow are complex questions that often go unanswered [13] . These complex questions come from the difficulty users have with the Abstraction Process. Interview participants identified this barrier as the most common encountered with 20 out of the 22 participants in Table 2 . In addition, survey ratings identified this process as a barrier that both females and males agree (including strongly agree and agree) exist, 44.78% and 42.44% respectively. These findings suggest that this complex language is not simply a gender influenced barrier, but one that can affect all contributors to Stack Overflow. We need to dissolve this complex technial language divide [8] that exists on Stack Overflow to welcome those it discourages.
The other facet of language existing on Stack Overflow is the "boy's club" as mentioned by an interview participant. The current atmosphere on Stack Overflow is not inclusive and often times disrespectful to others who are not males. One survey participant acknowledged that though they identify as a female, they decided to go on Stack Overflow and portray themself as a male. This is under the assmption that males are more likely to be treated with respect and blend better into the community on the site. If Stack Overflow was a true "programmer's paradise", it would be a place where contributors should feel comfortable to be themselves and not have to worry about trying to blend into the community. One suggestion proposed during an interview to encourage a comfortable environment is to use more gender inclusive language. Observation 3 -There are two types of language that contribute to the unwelcoming atmosphere on Stack Overflow: complex questions and idle "boy's club" chatter.
Accounts Are Not Enough
Many survey respondents( 1003 1470 ) indicated that they had an account. However, about 5% of accounts, despite being active, are ever signed in when visiting Stack Overflow [3] . In addition, one-day flies, those who have posted a maximum of one question for the life of their account, make up 47% of the user base [13] . In our interviews with users, we were surprised by how many features, such as voting, badges, bounties, and moderators, participants are not simply aware of or knew how they operated. Once we asked interview participants about potential benefits to using site features, some participants agreed that they would use the site as a more active account holder. The basic description of some features intrigued participants to learn more about Stack Overflow and its benefits.
In our survey, Awareness of Features (p = 5.3e-06) especially affected female users. The design of the site reinforces this answer searching process: (1) enter the question in a search engine, (2) Stack Overflow is the top rated answer, (3) read question and if correct, (4) read answer and if correct, (5) copy and paste code, then vote up if answer is very helpful, and (6) return to previous programming tasks until next roadblock. This process does not encourage users to explore the site. Given the multiple barriers related to onboarding and joining the community, users rarely get the opportunity to seek out the benefits to using the site beyond solving the their quick programming problem. Observation 4 -Females and males both have accounts, however awareness of the features that go along with the account is a factor in not contributing.
Design Implications
Asking and Answering
Five Minute v.s. Thirty Minute Questions. P22, our most active interviewee, viewed answering Stack Overflow questions as something she can do as a relaxing activity instead of breaking out a phone to play on for 5 minutes. She classified answering questions into 2 categories: an intellectual challenge and relaxing social endeavor. This participants goes on to say, "Both are very interesting...but my current emotional state will definitely affect which of them I'm more interested in at any given time." We want to be able to address both interests which will provide options for a varied range of users. However, it is a bit of a task trying to identify which questions will take 5 minutes to answer versus 30 minutes manually. In fact, many participants reported having difficulty navigating and find an unanswered question they could respond to.
Research is needed to predict the difficulty of an asked question and how long it would take to provide an answer. This concept is similar to how Medium, 6 a popular blogging site, instruments and predicts how long it takes for someone to read an article. Incorporating this feature into 6 https://medium.com/ Stack Overflow posts can increase the number of users that answer questions on the site. Unanswered questions could be ranked and rewarded by perceived difficulty in answering them. The algorithm for determining difficulty of these unanswered questions can include the number of views, time of original post (already provided by Stack Overflow), and background of people who have viewed but have not answered the post. Other features to include are the length of code snippets in posts and whether or not one exist in the post. Researchers can use feedback from the predicted time and actual time to answer in order to refine the algorithm. This would allow people to distinguish between questions that would take 5 minutes from those that might take 30 minutes to answer and being rewarded accordingly. This concept model of tailoring the activity of each user [42] tackles both the Time Constraint and Qualifications barrier. Implication 1 -Research is needed to create and sustain a ranking algorithm of questions response time per user's skill and question difficulty. This features would encourage a wider range of users with varied availability.
Quality Questions. Instead of discouraging users, as the Research Pressure barrier acknowledges, the site can educate users on how to improve the likelihood of getting questions answered. One common barrier participants faced was the frustration to remove very specific details from questions during the Abstraction Process.
An algorithm can be used to help rephrase questions in a way that more users may be interested in responding. There are already algorithms on Stack Overflow for detecting whether the code in a posting is not formatted, but further refinement is needed. For example, a question with a title that explains the general concept that the question poster is trying to overcome will be easier to find through search results as it will contain buzz words that will be noticed by other users. We propose a new question framing algorithm to determine suggestions that include looking into questions that have high votes, the many types of answers a question receives, and the type of dialogue created through comments. Suggestions given to users can include how to phrase questions and remove specific details of the coding scenario.
Framing questions and answers appropriately shows that user contributions can be well received by the community [13] and help generate successful dialogue through comments [43] . As users have more answered questions, they will be able to see the value in their contributions of asking high quality questions and more inclined to post these questions to the site. Implication 2 -Instead of discouraging users from posting questions, enhance the posting process by automatically providing feedback on the quality of the question in terms of how fast and how likely it will be answered.
Helping Hands
Sub-communities. One interview participant specifically stated that she would go out of her way to answer a question for another female user if she knew she was a female. Smaller groups on Stack Overflow will encourage personal connections participants said Stack Overflow lacked, while reducing the Intimidating Community Size barrier. In these sub-communities users may feel more comfortable disclosing profile pictures and conversations could be tailored towards the specific group interests. Within these sub-communities females can feel more comfortable in their niches [44] and encouraged to ask the questions they may be hesitant to ask on the full site. We want to create an inclusive community that encourages people to use the resource as well as contribute to it.
Another interview participant mentioned that they would explicitly cater to answering female questions more than males. She also goes on to mention how she identifies more with comparing personal progress to other females, It may be worthwhile to consider an inclusive space for females only. Implication 3 -Sub-communities should be an available option to users who are interested in creating a more approachable group to interact with.
Mentorship. Currently, there are 18 moderators whose goal is to keep the 10 million question community 9 clean for the 4.6 million users on the site. Unfortunately, this ratio of moderators to questions to users does not scale. The community is not in a state "clean" enough for new users to navigate on their own. An interview participant mentioned the idea of having badges that are geared explicitly toward learning and helping other programmers. Participants would be interested in explicitly being informed they are helping others. This may be as simple as renaming badges to be attached to the title of a mentor. Having a mentor, a more experienced user, encourage their mentee, a less experienced user, throughout the process makes participants feel like they are not alone on the site [8] . This creates a better sense of belonging to the Stack Overflow community.
Many participants mentioned in both the interviews and surveys that there are many features and site etiquette that they are unaware of. The mentors can provide mentees with tutorials of the site and educate their mentee on Stack Overflow culture, expectations from the community, and intricate features as interested. By eliminating the Awareness of Features barrier, Stack Overflow potential contributors can be more prepared to engage in the community. Interview participants acknowledged that making the site feel like users are interacting with real people would encourage them to use the site. With this approach, the tone will be adjusted and move towards having similar qualities of actually asking a friend for help with a programming question.
Participants consistently mentioned that the overwhelming community size on Stack Overflow discouraged them from using the site. A mentorship program may increase new-user retention by combating this barrier. Implication 4 -Retention of one-day flies and other contributors may increase if per user mentorship program is incorporated.
THREATS TO VALIDITY
External Threats. Although we interviewed females who are account holders of Stack Overflow, having more participants who are highly active on the site may have provided more experiences to review. This would have identified stronger differences between the different active users allowing these findings to apply to a wider population. In addition, having the opportunity to speak with multiple top female users provides the opportunity to compare their initial experiences on the site to their current usage.
Internal Threats. In receiving interview responses from just a female audience, we run the risk of not being able to compare the responses to males to identify if these experiences are common across genders. We explicitly chose to study females on Stack Overflow because many prior works have studied the site for the general population, not identifying the unique experiences that occur for females. However, to confirm that barriers exist and are not limited by genders, we incorporate a survey of both females and males.
Construct Threats. Through the survey many participants identified as having accounts. If we would have asked more open ended questions regarding account usage, we would have more insight as to incentives for using the site. The opportunity for gender swapping via the survey is also possible. One survey participant mentioned that their Stack Overflow account lists them as a male, though the participant identifies as a female. We did not explicitly ask interview participants if they identify as a different gender online than offline. However, in asking participants for their gender identity and providing a free response, we acknowledge that gender is more than a simple binary construct.
CONCLUSION
"Community is everything" at Stack Overflow [3] . Since 2008, the success of Stack Overflow has been based on those who post and answer questions. However, the bridge to paradise is burning and it is hard for female users to contribute and plug into the community. We used a novel approach of interviewing females to identify barriers hindering them from contributing and then confirmed the 14 barriers with survey responses from both females and males. We found 5 barriers females strongly identify with and discuss literature to support these findings. To encourage the growth of this widely used community across genders, we provide design implications to mitigate barriers of usage. Although we identified several promising interventions that can help overcome barriers, we encourage their implementation to study community effects.
